SUMMARY Intrinsic vascular responsiveness was examined in isolated, helically cut strips of cystic artery from 32 normotensive women. Contractions were elicited by vasopressin, norepinephrine, 5-hydroxytryptamine and transmural electrical stimulation. Of the 32 subjects, 17 had a family history of hypertension in a first-degree relative (parent, sibling, or adult offspring) and 15 had no family history of hypertension. The ages and mean arterial blood pressures of the two groups were not different: 39 ± 12 versus 35 ± 11 years (mean ± SD; p = 0.263) and 87 ± 4 versus 85 ± 5 mm Hg (p = 0.214) respectively. The vasopressin dose-response curve was significantly shifted to the left for arteries of those subjects with a family history of hypertension compared with that for arteries of subjects with no family history (e.g., response -percent of norepinephrine maximum -to 100 mU/ ml = 31 ± 23 versus 12 ± 16; p = 0.014). All other responses were not significantly different, although in general the arteries of those subjects with a family history tended to have greater responses to all stimuli except norepinephrine. Arteries from the two groups did not differ with respect to physical dimensions (e.g., cross-sectional area), passive mechanical properties, or maximal responses to norepinephrine. The data indicate that altered intrinsic vascular responsiveness is linked to a family history of hypertension in normotensive subjects and thus could play a role in the familial aggregation of elevated blood pressure. (Hypertension 7: 211-215, 1985) KEY WORDS • intrinsic vascular responsiveness • vasopressin • norepinephrine 5-hydroxytryptamine • transmural electrical stimulation • familial hypertension
I
T is widely accepted that there is a familial or genetic component in human essential hypertension.
1 " 3 Such a concept is based partially on a familial aggregation of elevated blood pressure 1 -3 and partially on familial aggregation of a number of other characteristics in hypertensive persons and their firstdegree relatives. When first-degree normotensive relatives of hypertensive and normotensive persons were compared, the relatives of hypertensive subjects were found to have elevated plasma renin activity and a blunted natriuretic response to a saline load. 4 Certain blood groups are known to be more common in hypertensive persons than in normotensive individuals. 1 ' 5 A defect of extrusion of Na + from red blood cells of hypertensive persons and their normotensive offspring, which is not present in normotensive persons with no family history of hypertension, has been described. 6 More specifically, in relation to the present study, responsiveness of the vasculature and heart to various modes of stimulation is related to elevated blood pressure in a heritable fashion. The fall in forearm blood flow to a fixed intra-arterial injection of norepinephrine is greater in normotensive sons of hypertensive persons than it is in normotensive sons of normotensive persons. 7 Heritability of blood pressure and blood pressure response to a cold pressor test in twins, particularly female twins, has been shown to be closely associated. 8 During mental stress, the blood pressure and heart rate response are greater in normotensive adolescent offspring of hypertensive persons than in normotensive adolescent offspring of normotensive persons. blood pressures and family history, and the two groups were age matched. All subjects were women between 18 and 59 years of age. Three lying and standing blood pressures were determined on the day of admission to hospital, and only patients with all diastolic blood pressure measurements less than 90 mm Hg were included. A complete history was obtained from each subject with the use of a standardized questionnaire, and subjects were excluded from the data base when questionnaire results revealed any current medical condition other than cholelithiasis. Patients taking any long-term medication thought to have cardiovascular effects also were excluded from the data base. The following laboratory tests were performed: serum K + and serum creatinine determinations, and routine and microscopic urinalysis. Patients were excluded for any abnormalities in the results of these laboratory investigations. Finally, the pathological report on the gallbladder was examined and patients were excluded when any abnormalities in addition to lithiasis were noted. One patient was Oriental but all others were Caucasian.
All first-degree relatives (parents, siblings, adult offspring) were subsequently contacted by mailed questionnaire and asked whether or not they had been told by a physician that they had high blood pressure. They were also asked to list their current medications. Subjects with no family history of hypertension were defined as those with no first-degree relatives who had ever been told that they had high blood pressure and who were not taking antihypertensives. Subjects with a family history of hypertension were defined as those with at least one first-degree relative who had been diagnosed as hypertensive and who was taking a recognized antihypertensive. Subjects were not used in this analysis if efforts to contact all family members were unsuccessful or if responses were ambiguous (e.g., told they had high blood pressure but were receiving no treatment or were being 1 treated with a drug not considered to be an antihypertensive).
Tissue Experiments
In vitro tissue experiments were always done without any knowledge of the patient's blood pressure or family history. Immediately on removal of the gallbladder, the extramural artery (downstream branch of hepatic artery) was removed and placed in modified Krebs-Henseleit bicarbonate solution (115.3 mM NaCl, 4.6 mM KC1, 1.8 mM CaCl,, 1.1 mM MgSO 4 , 22.1 mM NaHCO,, 7.8 mM glucos'e, 0.11 mM ascorbic acid, and 0.027 mM disodium EDTA) at room temperature and gassed with 5% CO, in oxygen. The artery was then transported to the laboratory where excess fat and connective tissue were removed without damaging the outer tunica adventitia (postganglionic adrenergic nerve endings) or inner tunica intima (endothelium). Helical strips were cut under a dissecting microscope at an angle of approximately 60 degrees to the long axis of the vessel. Measurement of tissue dimensions were made as previously described in detail. 10 Strips of artery were suspended between two parallel platinum wire electrodes in Krebs-Henseleit solution at 36 ± 1 °C and gassed with 5% CO, in oxygen. The tension required to produce optimal resting length was determined for each strip and applied. 10 Contractions were recorded isometrically. Following equilibration, a cumulative norepinephrine concentration response curve, cumulative 5-hydroxytryptamine and vasopressin concentration response curves, and a transmural electrical stimulation frequency response curve were obtained. Rectilinear pulses of supramaximal current and a pulse width of 1 msec were used. After a 30-second train at one frequency followed by a 90-second rest, the next frequency was tested without changing the bath solution. Frequencies tested were 2, 4, 8, and 16 Hz. Norepinephrine concentrations ranged from 5.9 x 10" 10 to 5.9 x 10" 4 M in half to full log increments. 5-Hydroxytryptamine concentrations were 5.7 x 10~* to 1.7 x 10" 6 M in half log increments. Vasopressin concentrations were 1,3, 10, 30, and 100 mU/ml. The frequency response curve was always done first, and the norepinephrine concentration response curve was always done last. The order of doing the other two concentration response curves (5-hydroxytryptamine and vasopressin) was random. These agonist concentrations demonstrated a maximal contraction only for norepinephrine.
Data Analysis
In those instances in which a variable was determined more than once for each subject (e.g., diastolic blood pressure, contractile responses with more than one arterial strip per subject), all measurements of that variable in the same subject were averaged and a single value was recorded. Statistical analysis and linear regression used programs in the Statistical Package for Social Sciences, 11 and the unpaired t test was the test used. The null hypothesis was rejected whenp was less than 0.05. Data are presented as the mean ± 1 standard deviation except for that in the figures. To avoid clutter in the figures, data are presented as the mean ± 1 standard error and standard error is omitted where it overlaps.
To calculate the drug concentration that produces a response .v percent of the maximum (EDJ in each subject, responses to norepinephrine between 10 and 90% of maximum were converted to probits and linear regression analysis was used to calculate the equation of the line of best fit. l2 The resultant equation was then solved to obtain all values of ED 5 from ED IO to EDŵ ith increments of .x = 5%.
Drugs
The following drugs (supplied by Sigma Chemical Co., St. Louis, MO) were used: norepinephrine bitartrate, 5-hydroxytryptamine creatine sulfate complex, and lysine vasopressin (synthetic 70-100 IU/mg). Final bath concentrations are expressed as moles per liter in the case of norepinephrine and 5-hydroxytryptamine and as milliunits per milliliter for vasopressin, assuming 85 IU/mg was its potency.
Results
The patients were well matched with respect to age and blood pressure (Table 1) . There was no difference in the dimensions of the arteries and arterial strips between the two groups (Table 2) . Similarly, the passive elastic properties, as assessed by optimal testing tension and normalized resting lengths of arterial strips, were the same in both groups (Table 2) .
There was no difference between the maximal responses to norepinephrine of arterial strips of the two groups: 2.37 ± 1.09 for those with and 2.48 ± 0.89 g (p = 0.758) for those without a family history of hypertension. Responsiveness of arterial strips to norepinephrine expressed as a percent of the maximal response is presented in Figure 1 . As can be seen, at near maximal concentrations of norepinephrine the arteries of those patients with a family history of hypertension were slightly less responsive than those of subjects with no family history of hypertension. The difference was only marginally significant (p < 0.05) at the uppermost part of the curve (responses between 80 and 90% of maximum). This difference was not statistically significant when norepinephrine responses were expressed as force per square millimeter of strip cross-sectional area or percent of maximum calculated at each individual concentration used (Table 3 ). There was no statistical difference between arterial strips of each group with respect to responses to 5-hydroxytryptamine or to transmural electrical stimulation (Table  3) , although responses of those with a family history of hypertension tended to be greater. The responsiveness to vasopressin, however, was increased in arterial strips of those subjects with a family history of hypertension ( Figure 2) . The difference between individual mean data points was highly significant when responses were expressed as a percent of the norepinephrine maximum response (left panel) but not quite significant (p = 0.2-0.1) when responses were expressed as force per square millimeter of cross-sectional area (rightpanel). In the latter instance data were compared at each concentration used in the concentration response curve by unpaired t test. When the two curves in the right panel are compared by linear regression, .206
•Length at optimal resting tension/unstretched length.
Values are means ± 1 SD.
however, the slope of the concentration response curve for vasopressin in arteries of subjects with a family history of hypertension is significantly (p < 0.001) different from that of subjects with no family history of hypertension.
Discussion
The current data indicate that there is increased intrinsic vascular responsiveness to vasopressin in the cystic artery of normotensive subjects who have a family history of hypertension in at least one first-degree relative. Previous work in this laboratory 13 demonstrated enhanced responsiveness to norepinephrine and 5- 
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Values are means ± 1 SD. hydroxytryptamine in helical strips of cystic artery from mildly hypertensive female subjects. That earlier work did not take into account the family history of the subjects. The present data suggest that family history may be an important covariable in studies that assess vascular responsiveness in hypertensive subjects. The results of this study also imply that altered intrinsic vascular responsiveness is linked in an inherited fashion to hypertension. It is therefore possible that altered intrinsic vascular responsiveness is an etiologic factor in the development of elevated blood pressure. Such an hypothesis has been supported previously by inference from indirect measurements. 7 ' 9 The findings of enhanced responsiveness to vasopressin but not to norepinephrine and of no significant increase in responsiveness to 5-hydroxytryptamine in arteries of the subjects of this study, which are somewhat in contradistinction to the findings in mildly hypertensive subjects in the previous study, 11 suggest that altered intrinsic vascular responsiveness and its role in the development of hypertension in humans may be quite complex. The difference between the two studies could be explained by the lack of control for family history in the first study. There are insufficient subjects in the data base to compare hypertensive subjects with and without a family history of hypertension. A small number of normotensive subjects (unpublished observations), divided into the same groups as in this study, were compared with age-matched mild hypertensive subjects without a family history of hypertension. This comparison showed that normotensive subjects with no family history of hypertension were less responsive to vasopressin. Alternatively, one could hypothesize that vascular responsiveness may change in a dynamic fashion between the prehypertensive stage and the development of established hypertension (assuming that more of the subjects with a positive history might go on to become hypertensive). In this study, age and blood pressure are specifically defined, however, and whether or not there are more "prehypertensive" subjects in one group is speculative. Nevertheless, a difference in intrinsic vascular responsiveness to vasopressin in the absence of a difference in blood pressure is clearly demonstrated by the present results. The relevance of the demonstrated increase in responsiveness to an agonist at concentrations several thousand times those known to exist in plasma is unknown. It may be that the nature of this study precludes demonstration of this difference at more relevant vasopressin concentrations, or alternatively, this finding may only be a marker of a pathophysiological mechanism operative in the intact subject.
FIGURE 1. Responses to norepinephrine in helical strips of cvstic artery of those patients with a family history of hypertension (solid circles) and those with no family history of hypertension (solid squares
Previous data from normotensive relatives of hypertensive subjects have emphasized vascular responses that are widely thought to be mediated by catecholamines. 8 9 The role of vasopressin in blood pressure regulation probably is more important than previously recognized (see recent reviews 14 l5 ), but vasopressin usually is not considered to be a factor in a cold pressor test. And, as already discussed, previous work from this laboratory in mildly hypertensive females demonstrated enhanced intrinsic vascular responsiveness to norepinephrine. Thus, it was somewhat unexpected that intrinsic responsiveness to catecholamines was unaltered (or perhaps decreased) in the present study. One might hypothesize, however, that enhanced responsiveness to mental stress or a cold pressor response is due to greater release of neurotransmitter rather than to altered intrinsic vascular responsiveness. Under such circumstances unaltered or decreased intrinsic vascular responsiveness to norepinephrine, as was noted in the present study, might be anticipated (perhaps caused by adrenergic receptor downregulation). Why intrinsic vascular responsiveness to norepinephrine and 5-hydroxytryptamine should then be increased in hypertensive persons remains unclear.
Responsiveness to vasopressin in mildly hypertensive women was increased in the previous study from this laboratory, 13 but the difference was not statistically significant. Responsiveness to vasopressin in human hypertension has not previously been investigated. Two recent publications 16 " have implicated vasopressin as an etiological factor in the development of high blood pressure in the spontaneously hypertensive rat. First, vasopressin levels are elevated in these rats and their blood pressure is lowered by administration of a specific antiserum. 16 Second, pressor responses of the rats to various stimuli are enhanced when vasopressin is administered intravenously. 17 It would seem more likely that high circulating levels of an agonist would result in decreased responsiveness if one were to apply the receptor downregulation argument just mentioned in the context of norepinephrine responsiveness. The relevance of the spontaneously hypertensive rat model with respect to human hypertension remains unclear, however. On the basis of the results of the present study, further investigation of the role of vasopressin in human hypertension would seem to be warranted.
